Men who have sex with men (MSM) are at high risk for hepatitis B virus (HBV) infection. Data on the effect of highly active antiretroviral therapy (HAART) on incident HBV infection in HIV-infected and HIV-uninfected MSM are limited.
W
orldwide, chronic hepatitis B virus (HBV) infection is the leading cause of end-stage liver disease and hepatocellular carcinoma (1) . In the United States, sexual transmission among men who have sex with men (MSM) is a principal cause of incident infection. Approximately 15% to 25% of new HBV infections in the United States are among MSM, although this group accounts for only 2% of the U.S. population (2, 3).
Although the HBV vaccine has greater than 95% efficacy and was first recommended in 1982 by the Advisory Committee on Immunization Practices for MSM, vaccination rates remain low in MSM (4, 5) . Little is known about prospective trends and risk factors for incident HBV infection in MSM, and this knowledge is needed to refocus efforts to prevent HBV infection in this population.
Incidence of HBV infection has declined in the general population (6) , but data suggest an increasing incidence in HIV-infected persons (7) . In a study of HIVinfected U.S. military personnel and their dependents, a decline in incidence of HBV infection from 1997 to 2000 was followed by an increase from 2000 to 2008, with men having an 8-fold increased risk for incident HBV infection compared with women (7) . In HIVinfected persons, lamivudine-or tenofovir disoproxil fumarate (TDF)-containing antiretroviral therapy has been associated with reduced incidence of HBV infection (7) (8) (9) . To our knowledge, no systematic studies of incident HBV infection in prospectively followed cohorts of MSM have included both HIV-infected and HIVuninfected persons to determine the effect of highly active antiretroviral therapy (HAART) on the incidence of HBV infection.
The Multicenter AIDS Cohort Study (MACS), a prospectively followed cohort of MSM established in 1984, is ideal to investigate incident HBV infection among HIV-infected and HIV-uninfected MSM because the cohort has been followed systematically since the beginning of the HIV epidemic. To determine risk factors for and trends in incident HBV infection in MSM since the early HIV epidemic, we tested prospectively collected specimens from men in MACS without evidence of a previous HBV infection at study entry.
scribed elsewhere (10 -12) . In brief, participants were initially recruited from 1984 to 1985 and subsequently in 1987 to 1991 and 2001 to 2003. They were assessed semiannually with interviews and laboratory testing, including HIV enzyme-linked immunosorbent assay and Western blot confirmatory testing in HIV-uninfected men. The institutional review boards at each MACS site approved the study, and all participants provided written informed consent.
At study entry, men were tested for hepatitis B surface antigen (HBsAg), antibody to hepatitis B core antigen (anti-HBc), and antibody to HBsAg. The inclusion criteria were negative test results for anti-HBc and HBsAg at the first MACS visit on or after 1 January 1985 and 1 sample or more from a subsequent visit that was available for testing. To reduce the inherent variability that occurs when collecting and processing samples in the start-up phase of cohort studies (13), a study entry date on or after 1 January 1985 was chosen for the present study. Incident HBV infection was defined as seroconversion to a positive HBsAg or anti-HBc result as determined by one of the following testing protocols: 1) For men whose only HBsAg and anti-HBc tests were done at study entry or whose last documented anti-HBc and HBsAg results were both negative, the samples collected at the most recent MACS visit on or before 31 December 2013 were tested for anti-HBc. Men with negative results were classified as HBVuninfected, and men with positive results were classified as having incident HBV infection. 2) Those who already had positive results on HBsAg or anti-HBc testing documented during follow-up were also classified as having incident HBV infection. Then, for all men identified as having incident HBV infection, the date of infection was narrowed by anti-HBc testing at a visit between the last known visit with a negative anti-HBc result and the first known visit with a positive result until no specimens remained within the seroconversion interval. The sample from the visit immediately before the first with a positive anti-HBc result was then tested for HBsAg because HBsAg can be positive before anti-HBc is positive. The date of incident HBV infection was defined as the midpoint between the last negative and first positive anti-HBc or HBsAg test result, whichever was positive first. Timing of incident HBV infection could be narrowed between 2 consecutive visits separated by less than 12 months in 88% of cases. Most of the incident HBV infections were defined by positive results on 2 serologic HBV tests. Patients whose first positive test result was at their last MACS visit were included as having incident HBV infection in the primary analysis but were then excluded during a sensitivity analysis because they lacked positive results on 2 tests.
Outcomes and Measurements
The men were followed until the date of incident HBV infection, the last follow-up visit, or 31 December 2013, whichever came first. The primary outcome was incident HBV infection. Data on age, race, number of sexual partners, injection drug use, alcohol use, HIV status, CD4 cell count, HAART use, anti-HBV agent (lamivudine, emtricitabine, or TDF) use, and report of at least 1 dose of HBV vaccine were abstracted for each participant at semiannual visits. Alcohol use was quantified in drinks per week based on participant selfreport at each visit. Because of the low levels of alcohol use, heavy use was defined as greater than 13 drinks per week.
Before 1996, few persons in MACS received HAART, but by December 1996 and December 1997, 50% and 65% of HIV-infected persons, respectively, had initiated HAART (14) . On the basis of these data, incident HBV infection before 1996 was considered to have occurred in the pre-HAART era and during or after 1996 in the HAART era.
Laboratory Testing
Anti-HBc and HBsAg testing were done on serum or plasma stored at Ϫ70°C using a commercially available enzyme immunoassay (ETI-AB-COREK PLUS and ETI-MAK-2 PLUS, DiaSorin, respectively) according to manufacturer's instructions.
Statistical Analysis
Descriptive statistics were used to describe study participants. Chi-square tests were used to compare proportions, and t tests were used to compare continuous variables. Incidence rates were determined using a person-years (PYs) analysis. For participants who became HIV-positive during follow-up, the PYs of time accrued before or after HIV seroconversion were classified among the seronegative or seropositive group, respectively. We fit univariable and multivariable Poisson regression models to the entire study cohort and then stratified by HIV infection, HAART status, and calendar period to examine the association of incidence of HBV infection with these primary exposure measures plus HIV response and the use of HBV-active drugs. The
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RESULTS
Of 6972 men enrolled in MACS through 2003, a total of 2375 had negative results for HBsAg and antiHBc at the first study visit on or after 1 January 1985 and had at least 1 follow-up visit. Of these, 1784 (75%) were HIV-uninfected and 591 (25%) were HIV-infected, and 151 (8.5%) of the HIV-uninfected men had HIV seroconversion during the study period. Median follow-up was 9.5 years for the HIV-infected group, including persons who seroconverted during follow-up, and 9.7 years for the HIV-uninfected group.
Compared with HIV-uninfected men, men infected with HIV at baseline were significantly (P < 0.05) less likely to be white, had fewer years of education, and were more likely to have used injection drugs in the past 6 months ( Table 1) . Overall, only 31% reported receiving at least 1 dose of the HBV vaccine, with a higher proportion in HIV-infected men than in HIVuninfected men at baseline (41% vs. 28%; P < 0.001). The proportion of men who received at least 1 dose of the HBV vaccine increased to 60% by the end of the study period (67% and 58% among HIV-infected and HIV-uninfected men, respectively).
The 2375 men accrued 25 322 PYs of follow-up, during which 244 incident HBV infections occurred, yielding an overall unadjusted HBV incidence rate of 9.6 per 1000 PYs (95% CI, 8.5 to 11.0). We saw 94 incident HBV infections in 6301 PYs among HIV-infected men (incidence rate, 14.9 per 1000 PYs [CI, 12.2 to 18.3]) and 150 incident HBV infections in 19 020 PYs among HIV-uninfected men (incidence rate, 7.8 per 1000 PYs [CI, 6.7 to 9.3]). The incidence rate was significantly higher in the HIV-infected group (incidence rate ratio [IRR], 1.9 [CI, 1.5 to 2.4]). The HBV incidence rates declined significantly from the pre-HAART to HAART era among both HIV-infected (IRR, 0. To further explore the effect of HIV infection and HAART on incident HBV infection, we then restricted the analysis to follow-up time accrued during the HAART era and stratified by HAART use and HIV RNA level. The incidence rate for men receiving HAART who had HIV RNA levels less than 400 copies/mL was 2.6 per 1000 PYs (CI, 1.2 to 5.8), which was similar to the incidence rate of 3.1 per 1000 PYs (CI, 2.1 to 4.6) in HIV-uninfected men during the HAART era (P = 0.69) and significantly lower than the incidence rate among men receiving HAART who had an HIV RNA level of 400 (Figure) . The men in this study reported being at least 95% adherent to their HAART regimens for more than 90% of follow-up. The univariable risk factors for incident HBV infection stratified by HIV status are shown in Table 2 . Several multivariable models were constructed to determine factors independently associated with incident HBV infection. In a model including all men, incidence of HBV infection was significantly higher among men younger than 40 years (IRR, 2. Table 1 , available at www.annals.org).
The multivariable analysis restricted to HIV-infected men had associations similar to the overall cohort in terms of age, number of sexual partners, and receipt of HBV vaccine (Table 3) . Men receiving HAART whose HIV RNA level was less than 400 copies/mL in the preceding 6 months had a significantly lower risk for incident HBV infection than men not receiving HAART (IRR, 0.2 [CI, 0.1 to 0.5]). However, this was not true for men receiving HAART whose HIV RNA level was 400 copies/mL or greater (IRR, 1.1 [CI, 0.5 to 2.5]). To determine if the HIV RNA association differed based on whether lamivudine or TDF was the primary anti-HBV drug, we stratified this analysis into pre-TDF (1996 to 2001) and TDF (2002 to 2013) periods and found that the IRRs for men receiving HAART whose HIV RNA levels were less than 400 copies/mL were the same in both periods (IRR, 0.3 [CI, 0.04 to 2.6] and 0.3 [CI, 0.1 to 0.8] for the pre-TDF and TDF periods, respectively). A sensitivity analysis excluding men whose first positive HBV serologic test result was at their last MACS visit did not change these associations.
To further characterize the association of HAART and HIV RNA with incident HBV infection, we fit a separate multivariable model for the pre-HAART and HAART periods and compared incidence of HBV infection among 4 groups: HIV-uninfected men, HIVinfected men not receiving HAART, HIV-infected men receiving HAART with HIV RNA levels less than 400 copies/mL, and HIV-infected men receiving HAART with HIV RNA levels greater than 400 copies/mL (Appendix Table 2 , available at www.annals.org). In this adjusted model, HIV-infected men receiving HAART whose HIV RNA level was less than 400 copies/mL had a risk for incident HBV infection that was similar to that of HIV-uninfected men (IRR, 0.9 [CI, 0.4 to 2.3]). However, HIV-infected men not receiving HAART or those receiving HAART who had HIV RNA levels of 400 copies/mL or greater did not (IRR, 5.5 [CI, 2.2 to 13.6]). To assess for a potential differential effect of use of lamivudine, emtricitabine, or TDF on HBV incidence, we constructed a multivariable model similar to that reported for HIV-infected men in Table 3 , with the exception that antiretroviral drug use was stratified as no HAART or no HBV-active drug as part of HAART, lamivudine-or emtricitabline-containing HAART, or TDF-containing HAART. In this analysis, we did not find a significant difference between the protective effect of a lamivudine-or emtricitabine-containing HAART regimen (IRR, 0. 
DISCUSSION
To our knowledge, this is the first study to examine rates of incident HBV infection in HIV-infected and HIVuninfected MSM who were prospectively followed from the beginning of the HIV epidemic through the HAART era. Rates of incident HBV infection were substantially higher in HIV-infected men than in uninfected men, and rates in both groups were lower in the HAART era than in the pre-HAART era. Having HIV infection, having several sex partners, and being younger were associated with an increased risk for HBV infection, whereas receipt of at least 1 dose of the HBV vaccine was associated with a reduced risk. In HIV-infected men, HAART that achieved an undetectable HIV RNA level decreased the risk for HBV infection to a rate equal to that of HIV-uninfected men, regardless of whether HAART was given before or after the availability of TDF.
Our data are consistent with other studies in which the rate of incident HBV infection among MSM during the HAART era was higher than in the general population (0.009 per 1000 PYs in 2012) (6, 15 ). This rate is probably driven in part by high-risk sexual practices, which have been associated with high rates of other sexually transmitted diseases among MSM (16 -19) . It is especially concerning because an effective HBV vaccine has been recommended for MSM since 1982 (20, 21) . In this study, only one third of the men reported at least 1 dose of the HBV vaccine at study entry, with rates of vaccination coverage increasing to 60% overall during follow-up, a proportion that remains low but is consistent with the reported HBV vaccination coverage rates of 42% in high-risk adults (4) . This is supported by other studies in which as few as 9% of MSM received the HBV vaccine (4, 5, 22) . Even among HIV-infected MSM who routinely access care, HBV immunization rates remain low at 25% (5). In our study, receiving at least 1 dose of the HBV vaccine decreased the risk for incident HBV infection by up to 70%. Thus, concerted efforts are needed to improve immunization rates in MSM.
Of note, even after adjustment for measured risk behaviors, HIV-infected men were twice as likely to acquire HBV infection as HIV-uninfected men. It is possible that, for the HIV-infected MSM, we could not adjust for certain behavioral risk factors that would increase the likelihood for exposure to HBV. It is also possible that reduced efficacy of the HBV vaccine in HIV-infected persons could contribute to the higher incidence rates in HIV-infected MSM (23). An impaired immune re- HAART = highly active antiretroviral therapy; HBV = hepatitis B virus; IDU = injection drug use; IR = incidence rate; IRR = incidence rate ratio; PY = person-year.
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sponse from HIV infection may increase the risk for incident HBV infection. Our data suggest that this impaired response can be restored, as demonstrated by our finding that men receiving effective HAART (HIV RNA level <400 copies/mL) had a similar risk for incident HBV infection as HIV-uninfected men, whereas men receiving HAART who had a detectable HIV RNA level did not experience this benefit. These data suggest that HIV-infected men receiving effective HAART have an immune response to HBV infection that substantially decreases the risk for a productive HBV infection that generates anti-HBc after exposure. Similar findings with apparent "resistance" to productive infection have been described for both HIV and hepatitis C virus where virus-specific T-cell immune responses are detected in persons whose test results are negative for antibodies to hepatitis C virus or HIV despite extensive exposure to these viruses (24, 25) . This idea of "resistance" to a productive HBV infection is also supported by data showing an increased risk for incident HBV infection in HIV-infected persons with a history of AIDSassociated opportunistic infections compared with patients with non-AIDS-defined HIV infection (26) . Further support also comes from a study demonstrating HBVspecific cytokine secretion and T-cell responses despite negative results for HBsAg and anti-HBc in sexual partners of persons with chronic HBV infection (27) . Other data support the important effects of a HAART-related undetectable HIV RNA level on the immune response because it is associated with an increase in the absolute counts of memory CD4 T cells to values comparable to those measured in HIV-uninfected persons (28). This increase in memory CD4 T-cell counts was not seen in persons with similar CD4 counts who had detectable HIV RNA levels (28). Some studies have suggested that HBV-active drugs as part of HAART reduce the risk for incident HBV infection in HIV-infected persons by 50% to 90% (7-9), whereas others could not find an additional beneficial effect of HAART regimens that included an HBV-active drug compared with those that did not include HBVactive drugs in reducing incident HBV infection (26) . Because this cohort received an HBV-active drug as part of the HAART regimen for 92% of follow-up time, we could not directly compare HAART regimens with or without HBV-active drugs. In addition, although TDF is known to have more potent anti-HBV activity, we did not find a significant difference between the effect of TDF-containing HAART regimens and lamivudine-or emtricitabine-containing regimens in preventing HBV infection. A potential explanation is that because the first step in HBV infection is transfer of the HBV genomic DNA to the hepatocyte nucleus to establish the reservoir of covalently closed circular DNA from which transcription occurs, it is reasonable that anti-HBV drugs do not prevent new infections because they do not interfere with this step. This hypothesis is supported by recent data from an in vitro study in primary human hepatocytes, suggesting that pretreatment with lamivudine or TDF does not prevent hepatocyte infection but can decrease cell-to-cell spread of HBV infection (29) .
The first major strength of our study is that all men were systematically tested for incident HBV infection using protocols to determine HBV seroconversion between 2 consecutive MACS visits. Second, we used prospectively collected data on sexual and other risk behaviors, which permitted a more precise assessment of the effect of risk factors on incident HBV infection. Third, we included both HIV-infected and HIVuninfected MSM in the same cohort followed during both pre-HAART and HAART periods, which gave us the unique ability to compare trends in incident HBV infection between these periods. Fourth, the inclusion of MSM from 4 sites across the United States allows our findings to be generalizable to MSM in large cities across the United States. However, we are limited in our ability to make inferences about causality by the observational nature of the cohort due to the potential for unmeasured confounders. Because men were recruited 
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into MACS during specific periods as opposed to on an ongoing basis, we could not estimate annual incidence of HBV infection in the general MSM population. However, we believe that our comparisons of incidence of HBV infection between HIV-infected and HIVuninfected MSM in pre-HAART and HAART periods are meaningful and generalizable to MSM in the United States.
In conclusion, effective HAART is associated with reduced rates of incident HBV infection in HIV-infected men similar to those seen in HIV-uninfected men, which highlights an additional benefit of achieving an undetectable HIV RNA level among HIV-infected patients. However, even among HIV-uninfected MSM or MSM with well-controlled HIV, incident HBV infection rates remain unacceptably high. Thus, an urgent need remains for education of health care providers and MSM about HBV infection risk and the need for HBV vaccination. Intensified, targeted HBV prevention efforts in the MSM population at the highest risk, including those with several sexual partners and those infected with HIV, are also needed. These efforts should include HIVinfected persons receiving effective HBV-active HAART because these drugs were not 100% efficacious in preventing incident HBV infection. Without increased vigilance in HBV prevention in MSM, control of the epidemic in this population cannot be achieved. Disclosures: Dr. Seaberg reports grants from the National Institutes of Health during the conduct of the study. Dr. Phair reports grants from the National Institutes of Health during the conduct of the study and personal fees from Pfizer outside the submitted work. Dr. Thio reports grants from the National Institutes of Health during the conduct of the study and grants from Gilead Sciences outside the submitted work. Authors not listed here have disclosed no conflicts of interest. Forms can be viewed at www.acponline.org/authors/icmje/ConflictOf InterestForms.do?msNum=M15-0547.
